body could be discerned: the mineral does, however, appear to be more abundant in chromitite than in other rock types. In most specimens awaruite is the only nickel-rich mineral, occurring as isolated grains in serpentine, chlorite, or ferritchromit, but in others it is associated or aggregated with pentlandite and heazlewoodite. Native copper was not found in any of the material studied. Most awaruite grains are anhedral and irregular, although some appear subhedral. They range in size from fine 10-20 #m diameter particles to rare, large crystals 4 mm across: most, however, are between 0.12 and 0.23 mm in diameter. Fig. 1 (A and B) shows two typical awaruite associations.
Resembling awaruite superficially in their mode of occurrence and metallic appearance are two new alloys found in one specimen from a low-grade chrome-ore body in the complex. One, an iridian awaruite, has a reflectivity similar to normal awaruite, and X-ray diffraction of a mixed sample of the two awaruites indicated that the iridian variety is also cubic. The other alloy, however, is greyish white in reflected light, compared with the yellowish-white awaruites, and this difference in reflectance may indicate a crystal symmetry other than cubic. However, the small size of grains and scarcity of material did not allow an X-ray diffraction pattern to be obtained. The reflectivity of the latter alloy in air, measured at 546 nm against a pure nickel standard, is 60.36 %, and its VHN (Vickers hardness number) varies from 420 to 500 under a 20 g load and 30 s contact time. A reflected-light photomicrograph of these alloys in association is shown in fig. 1 (C) .
Analytical procedure. The 'normal' awaruites were examined in polished mounts and polished thin sections, using an energy-dispersive electron microprobe: a Link Systems 860 with Kevex ED attached to a Cambridge Instruments' Geoscan. An accelerating voltage of 15 kV, a specimen current on the cobalt metal internal standard of 0.5 x 10 -B A, 100 s live-time counting time, and pure metal standards, were used.
The specimen containing the new alloys was analysed first on the energy-dispersive equipment under the above conditions, then on a wavelength-dispersive Cambridge Instruments' Microscan 9 microprobe. An accelerating voltage of 20 kV, a specimen current on the Faraday cage of 2.50 • 10 -8 A, a counting time of 10 s, and pure metal standards, were used. The polished mount was repolished and the grains reanalysed on the Microscan 9 under the above conditions. All specimens were carbon-coated to a thickness of about 150 A before analysis.
Chemistry. Averaged microprobe analyses of 'normal' awaruites are given in Table I . Ni varies over-all from 73.5 to 84.0% and iron from 12.3 to 24.9 %; the Ni : Fe atomic ratios range from 2.80 to 6.39. The range of variation in individual specimens, however, is usually more limited. Cu, not previously known to substitute into the awaruite structure, is present in varying amounts in most of the grains analysed (up to 5.45 wt %) and is the third major component after Ni and Fe. Co in these awaruites is low, usually below the detection limit; its maximum is 1.2 wt %. Fig. 2 . is a plot of previously reported analyses of awaruites compared with over fifty analyses from this study, and shows how the field of composition for this mineral has been extended towards the nickel component. Table II gives the compositions of the new alloys and the 'normal' awaruite associated with them. In the iridian awaruites the Ni : Fe ratio varies from 3 77 to 4.93 and is not related to the degree of Substitution by I1, or to the N i : F e ratio of the accompanying 'normal' awaruite (5.33 to 5.72). Similarly, in the Ru-Os-Ir-bearing alloy, although the Ni : Fe ratio varies only from 2.61 to 2.89, there appears to be no relationship between it and the amount of substitution of Ru, Os, or It. Scanning photomicrographs of the phases showing the distribution of these elements are given in fig. 3 .
Discussion. The Ni contents of previously reported natural awaruites vary from 63 to 89 wt ~o, and the Co contents from zero to 4 wt%. The awaruite analyses given here not only exhibit a wider range of compositions than those previously reported for a single ultramafic complex, but are also generally more Ni-rich ( fig. 2 ): only one published analysis (Sinton, 1969) has a higher Ni content than the most Ni-rich of the SakhakotQila analyses, which contain up to 84 Wt~o of the element. All are awaruites as defined by Hey (1955) : '4[Ni,Fe-I with Ni 60% and more.' In addition, they contain up to 5.45 % Cu hitherto not found in significant amounts. A bulk analysis of awaruite from the Eastern Townships, Quebec (Nickel, 1958) Grid references to the 1:63360 topographic sheets (No. 38 N/ll and 38 N/15) issued by the Survey of Pakistan for specimens 1 10: number of analyses of each specimen given in brackets.
Specimen 1, 4122-7484 (2); specimen 2, 4060-7620 (4); specimen 3, 4200-7700 (6); specimen 4, 4188-7785 (5); specimen 5, 4460-8035 (6); specimen 6, 4167-8070 (4); specimen 7, 4120-8070 (2); specimen 8, 4460 8150 (5); specimen 9, 4441-8153 (11); specimen 10, 4492 8774 (5).
b.d. = below detection limit, *77.36-77.39. gave a maximum of 0.3 % Cu in addition to the 4 % of Co. Native Cu, although present in other awaruite-bearing rocks, has not been found in the Sakhakot-Qita complex, and it appears that the Cu has preferentially entered the Ni-Fe alloy rather than forming as a separate phase. There is a slight correlation between Cu substitution and increasing Ni content ( fig. 2) , and most of the awaruites described here have higher Ni contents than those previously reported. Awaruite always occurs in serpentinized rocks, and its formation has been linked to the serpentinization process (Kanehira et al., 1975) . It is normally found in serpentine or secondary magnetite (Kanehira et al., 1975; Chamberlain et al., 1965; Hultin, 1968) . The present study adds two other minerals that enclose awaruite, namely, chlorite and ferritchromit. The distribution of awaruite, therefore, is not confined, as in the Coolac serpentine belt, Australia (Golding and Bayliss, 1968) , to the nonchloritic chrome ores.
T A B L E I I. Electron-microprobe analyses of Ru-Os-Ir-Ni-Fe alloy (ROll-ROI5), and associated awaruite (A1-A3) and iridian awaruite (IRI-IR7)
Platinum group elements (PGE) are known to be more abundant in sulphide-rich ultramafic complexes than in sulphur-poor ones, and in Alaskan-type rather than Alpine-type bodies (Crocket, 1979) : the presence of PGE in the Sakhakot-Qila complex is therefore unexpected. Chromite is the most common PGE concentrator mineral, holding them either in solid solution or as inclusions of platinum group minerals (PGM) (Crocket, 1979) . Olivine can also contain PGM inclusions (Page, 1971) , and is capable of concentrating Ir, and less commonly, Os and Ru, from early crystallizing fractions of basic magmas (Crocket, 1979) . It is possible that Ru, Os, and Ir in the Malakand occurrence became concentrated as secondary native metal alloys during the same process which led to the formation of awaruite from the Ni contained in the olivines. The mutual association and similar mode of occurrence of the iridian awaruite, the Ru-Os-Ir-Ni-Fe alloy, and the 'normal' awaruite described here support this mechanism.
Conclusions. The compositional data on awaruites from the ultramafites of the Sakhakot-Qila district show that these awaruites are more Ni-rich than (1) Lord Brassey mine, Tasmania (Williams, 1960) (2) Heazlewood, Tasmania (Williams, 1960) (3) Eastern Townships, Quebec (Nickel, 1959) (4, 5) Feragen, Norway (Hultin, 1968) (6) Muskox intrusion, Canada (Chamberlain et al., 1965) (7) George River, New Zealand (Skey, 1885) (8) Southern Boso Peninsula, Japan (Kanehira et al., 1975) (9) 'Josephinite' locality, Oregon (Botto and Morrison, 1976 ) (10) Coolac, N.S.W., Australia (Golding and Bayliss, 1968) most other known occurrences and exhibit a substantial compositional variation between different specimens from within the same igneous complex. Co contents rarely exceed 1%, but Cu is present in many samples and is the third major constituent after Ni and Fe: it appears to be higher in the more Ni-rich awaruites. The awaruite occurs enclosed in serpentine, chlorite, or ferritchromit in chromitites and other ultramafites which are serpentinized to varying degrees. Other nickeliferous opaque minerals assodated with awaruite and having the same mode of occurrence are heazlewoodite, pentlandite, and, in one chromitite body in the complex, an iridian awaruite and a new R u -O s -I r -N i -F e alloy. The Ru, Os, and Ir which they contain may have been derived from olivines during serpentinization in a manner analogous to the formation of awaruite itself.
